Dynamic systems perspectives of psychology suggest that behavior may be best understood through consideration of multiple interacting systems of development (Magnusson and Cairns [@CR48]). Unfortunately, current literature too often focuses on individual risk factors, without regard for contextual, environmental, cultural, or maturational systems with which these risk factors may transact. Research regarding the unique risks for depressive symptoms among adolescent girls has been limited by this somewhat myopic perspective.

To date, separate risk factors models (e.g., cognitive, biological, interpersonal) have been proposed to understand the dramatic increase in depression prevalence among girls that occurs at the adolescent transition (Hankin and Abramson [@CR34]). For example, cognitive models of depression generally have suggested that individuals' global attribution style regarding stressful life events may interact with the occurrence of actual stressors to confer heightened risk for depressive symptoms (e.g., Abramson et al. [@CR2], [@CR1]; Gladstone and Kaslow [@CR32]). Biological models of adolescent depression have suggested that pubertal changes in circulating hormones may be linked to increases in negative affect (Angold et al. [@CR5]; Benjet and Hernández-Guzmán [@CR7]; Crockett and Petersen [@CR22]). In addition, atypical pubertal timing may be associated with the onset of depressive symptoms among girls (Brooks-Gunn [@CR9]; Rierdan and Koff [@CR59]; Stice et al. [@CR69]). Interpersonal models suggest reciprocal associations between depressive symptoms and interpersonal rejection that lead to exacerbations of depressed affect over time. Despite the important advances in studies utilizing each of these discrete theoretical perspectives, few studies have examined integrative models in which interactions between these risk factors may be especially relevant for the development of depression. A developmental psychopathology approach allows for a theoretical conceptualization of how these factors evolve over maturational periods and interact in unique ways that confer risks for depressive symptoms, perhaps especially for girls.

Adolescence is marked by a unique constellation of changes in cultural, social, maturational, contextual, and biological systems (Hinshaw and Kranz [@CR36]). Biologically, the adolescent transition is associated with puberty-related changes in circulating hormones, stress-reactivity processes, and body shape. Several studies have suggested that pubertal development is associated with changes in depressive symptoms (Angold et al. [@CR4]; Benjet and Hernández-Guzmán [@CR7]; Ge et al. [@CR30]). A study by Patton and colleagues ([@CR55]) showed that advancing pubertal stage predicted the onset of depressive symptoms, especially in girls, and that advancing pubertal stage more than redoubled the risk for continuing depressive symptoms for girls in mid- to late puberty. However, research has suggested that aberrations in pubertal *timing* may be especially relevant to depressive symptoms, particularly for girls (Ge et al. [@CR29]; [@CR31]; Rierdan and Koff [@CR59]). Thus, some of the effects of pubertal development are specific to the interaction between biological factors and contextual factors, such as the comparative development of adolescents' peers (e.g. Caspi and Moffitt [@CR14]; Kaltiala-Heino et al. [@CR39]).

Specifically, adolescents who develop early as compared to their peers may experience altered trajectories of social development within the peer context. As compared to others, early-developing adolescents appear different from their age mates, and consequently are met with societal expectations that may be mismatched to their cognitive and emotional development (i.e., a stage-termination hypothesis; e.g. Silbereisen and Kracke [@CR67]). Early pubertal development among girls is associated with disapproval among peers, evidenced by increasing social isolation, peer victimization, or negative social reputations among peers (Conley and Rudolph [@CR20]; Craig et al. [@CR21]; Nadeem and Graham [@CR52]).

Research examining gender differences in depression suggests that this sort of biologically-prompted social stress may be an especially salient risk factor for depression among girls. As compared to younger children, and to adolescent boys, adolescent girls experiencing the pubertal transition have a heightened sensitivity to their body shape and to social comparisons with peers regarding the romantic appeal of their bodies (Carlson Jones [@CR13]). Early maturing girls report high levels of body dissatisfaction, which can be explained by the experienced deviation not only from the cultural norm of slimness, but also from their same-aged peers (Alsaker [@CR3]; Carlson Jones [@CR13]; Dorn et al. [@CR23]). With increased cognitive abilities in adolescence, girls are especially capable of making these social comparisons and abstracting a global sense of self from negative reactions among peers. Indeed, numerous studies have suggested that early-maturing girls are at especially high risk for depressive symptoms (Ge et al. [@CR29], [@CR31]; Graber et al. [@CR33]; Kaltiala-Heino et al. [@CR39]; Rierdan and Koff [@CR59]). Models specifically examining interactions between early pubertal development and interpersonal factors are rare, however.

Adolescence also is accompanied by dramatic changes in youths' interpersonal experiences, particularly among peers. As compared to younger children, adolescents spend increased time with peers, while experiencing more autonomy from parents (Savin-Williams and Berndt [@CR65]). The adolescent task of identity formation becomes especially dependent on social comparisons and reflected appraisals with peers (Kroger [@CR42]), rendering adolescents' level of peer status a highly salient and important determinant of adolescents' self-perceptions. This also may be especially relevant for adolescent girls. Research suggests that in adolescence, girls experience more interpersonal stress than do boys (Rudolph and Hammen [@CR63]; Rudolph [@CR62]; Rudolph et al. [@CR64]), and these stressors increase with girls' age (Rose and Rudolph [@CR60]). Relative to males, females are more likely to base their self-esteem on their interpersonal relationships (e.g., Chevron et al. [@CR15]) and more likely to experience depressive symptoms following interpersonal stress (e.g., Rudolph and Hammen [@CR63]).

The adolescent transition also is associated with unique adaptations in the type and meanings of peer reputations. Prior to adolescence, youths' reputations among peers may be characterized by the extent to which they are well-liked by others. Typically measured through the use of preference-based peer nominations (i.e., assessing who peers like the most and like the least), peer likeability or acceptance/rejection frequently has been studied as a predictor of psychological risk or protection. Children who are rejected by peers are at greater risk than others for later externalizing symptoms, school dropout, and health risk behaviors (Coie et al. [@CR19]; Parker and Asher [@CR53]). Acceptance by peers, in contrast, may buffer the effects of girls' childhood aggression on later externalizing outcomes (Prinstein and La Greca [@CR58]).

Recent research has suggested that at the adolescent transition, a discrete measure of peer status emerges (i.e., "peer perceived popularity"[1](#Fn1){ref-type="fn"}). As compared to peer acceptance/rejection, this reputation-based measure of peer status is based on nominations of peers who are "most-" and "least-popular", yielding a measure that suggests dominance, power, and access to resources among adolescents (Cillessen and Rose [@CR17]; Parkhurst and Hopmeyer [@CR54]). Popularity also is highly correlated with measures of physical attractiveness and idealized body shapes (Boyatzis et al. [@CR8]; LaFontana and Cillessen [@CR43]; Wang et al. [@CR71]). Although preference- and reputation-based measures of peer status (i.e., likeability and popularity) are correlated quite strongly in childhood, these two measures of peer status differentiate as children mature (Cillessen and Mayeux [@CR16]). By the adolescent transition, popularity is an important, discrete construct that is especially salient to adolescents as a measure of favorable regard among peers. Adolescents desire to achieve high levels of popularity has been linked to strong motivations for peer conformity (Cillessen and Rose [@CR17]); accordingly low levels of popularity may be associated with poor self-regard and risk for depressive symptoms.

This study examined an interaction between pubertal timing and a reputation-based measure of peer status, as a longitudinal predictor of adolescents' depressive symptoms. It was anticipated that among early maturing adolescents, low levels of popularity would be associated with increasing levels of depressive symptoms over time; however, similar effects would not be revealed for on-time maturing adolescents, or for early maturing adolescents with high levels of popularity. It was further expected that this finding would be moderated by gender, such that the interaction between early pubertal development and popularity would be a significant longitudinal predictor of depressive symptoms for girls, but not for boys. This can be understood by the assumption that at least in Western cultures, adolescents' biological and interpersonal systems are interconnected (Lerner [@CR46]) and their interaction should therefore be taken into account when predicting depressive symptoms. Some adolescent girls in Western society experience an internalization of cultural expectations of femininity. Bem ([@CR6]) suggests that Western culture promotes unique gender-specific expectations (e.g., strength and power among males; physical beauty and interpersonal skill among females). Negative experiences that are unrelated to gender stereotypes (i.e., threats to strength and power among females; threats to sensitivity and interpersonal skill among males) may not be strongly related to distress. However, experiences that are discordant with sex-typed expectations (e.g., for girls: violations of ideal body shape norms, social rejection) yield vulnerabilities for unfavorable self-evaluation, and perhaps depressive symptoms. The adolescent transition therefore represents a unique period for girls, during which changes in physical appearance and/or negative experiences in the interpersonal domain, may be especially likely to clash with cultural expectations for girls, and thus yield additional risk for depressive symptoms. Difficulties with both of these areas (i.e., early pubertal development altering body shape with respect to one's peers combined with low popularity) would be especially relevant to feminine cultural norms.

Methods {#Sec1}
=======

Participants included 613 youth (52% female) enrolled in grades 6 (35%), 7 (29%) and 8 (36%) at study outset. The ethnic composition of the sample included 86% White/Caucasian, 4% Asian-American, 2% Latino/a-American, 1% African-American, and 6% mixed ethnicity students. Participants were enrolled in a single public middle school within a city of fairly homogeneous middle-class socioeconomic status. According to school records, 11% of children were eligible for free/reduced-price lunch.

At Time 1, all sixth through eighth grade students and their families received mailed and hand-distributed consent forms for study recruitment with strong encouragement and incentives (e.g., raffles) for consent form return. Consent forms were returned by 92% of families (*n* = 784); of these, 80% of parents gave consent for their child's participation (*n* = 627; 74% of the total population). Students who were absent on one of the days of testing (*n* = 10) or refused to participate (*n* = 4), were excluded from analyses, yielding a final sample of 613 participants at Time 1. A total of 567 (92%) of these participants were available for testing eleven months later (i.e., Time 2), when students were in grades seven through nine. Attrition was due to participants moving away from the area (*n* = 36), absenteeism (*n* = 7), and three participants who refused to continue participation. No significant differences were revealed for any of the constructs measured in this study between adolescents who participated at both time points and those who only participated at one time point. Because listwise deletion would unnecessarily omit valuable data, all analyses were conducted with all available data (see "[Data Analyses](#Sec3){ref-type="sec"}" below). Analyses using only available data revealed an identical pattern of results.

At Time 1, measures of pubertal timing, depressive symptoms, and reputation-based peer status (i.e., popularity) were administered. Eleven months later, when students were in grades 7--9 (i.e., Time 2), participants completed a second measure of depressive symptoms.

Measures {#Sec2}
--------

**Pubertal Timing** The Pubertal Development Scale (Petersen et al. [@CR56]) includes five items for boys (e.g., growth spurt, body hair, skin change, voice change, facial hair) and girls (e.g., growth spurt, body hair, skin change, breast growth, menarche) measuring gender-specific physical changes associated with maturation. Adolescents respond to each item using a four point Likert scale (1 = not started; 4 = seems completed). As in past research (McBride et al. [@CR49]), responses for girls' menarche were coded (1 = no; 4 = yes) to create a scale comparable to other items and a mean score across all five items was computed for both girls, α = 0.75, and boys, α = 0.79, with higher scores indicating more advanced pubertal development. Pubertal development scores were standardized within grade, within gender to obtain a measure of *pubertal timing*.

**Popularity** A sociometric peer nomination questionnaire was used to measure the peer status of participants. Students in this school were grouped in academic teams. Each team was about twice the size of a traditional academic classroom (*n*s = 30--75). An alphabetized list of all teammates was presented to each participant and they were asked to select an unlimited number of peers that were "most popular" and peers that were "least popular". The order of the names on this list was counterbalanced (A through Z or Z through A) to control for possible effects of order on the selection of peers. For each participant the total number of nominations received was computed and standardized within each academic team. The difference between standardized "most popular" and "least popular" scores then was computed and re-standardized as a measure of *social reputation*, with higher scores indicating higher levels of popularity. Peer nominations are considered the most reliable and valid method to measure various dimensions of peer status and reputations in adolescence (Jiang and Cillessen [@CR38]).

**Depressive Symptoms** The Children's Depression Inventory (CDI; Kovacs [@CR40], [@CR41]) is a 27-item measure designed to assess depressive affect and symptoms. For each item, the participant is provided with three alternative statements and instructed to select the one that best describes their symptoms over the past 2 weeks (e.g., "I am sad once in a while, "I am sad many times," and "I am sad all the time"). Responses are coded on a scale of 0--2, with higher scores indicating heightened depressive symptoms. The CDI is well-established as a reliable and valid assessment of depressive symptoms in children between the ages of 7 and 18 years (Smucker et al. [@CR68]).

Data Analyses {#Sec3}
-------------

Descriptive statistics first were conducted to examine the gender differences in the primary study variables, as well as intercorrelations. Hypotheses were examined with a multiple group (by gender) structural equation model using full information maximum likelihood as implemented in Amos version 16.0. Means and intercepts were estimated using full information direct maximum likelihood when data were missing.

Depressive symptoms at Time 1 and Time 2 were estimated as latent variables by creating three item parcels of the CDI. A parcel is a subset of items from the item pool of 27 items. Each parcel is the summed score on a subset of 9 items. To create parcels the underlying latent variable must be unidimensional. We examined the unidimensionality of the CDI using Confirmatory Factor Analysis (CFA).[2](#Fn2){ref-type="fn"} From these results we may infer that the latent variable 'depressive symptoms' can be interpreted as a unidimensional variable. For the construction of the three parcels we used the item-to-construct balance method as described in Little et al. ([@CR47]). A 1-factor solution at Time 1 was used to allocate items to one of the three parcels according to the magnitude of the factor loadings. In this way each parcel reflected the original factor structure with higher and lower factor loadings. Identical parcels were formed at T2. The alpha's of the parcels at T1 were 0.75, 0.76 and 0.75, and at T2 0.77, 0.75, 0.68. In the model error terms of identical parcels over time were correlated (Finkel [@CR27]).[3](#Fn3){ref-type="fn"}

A multiple group (by gender) structural equation model was estimated to examine the primary hypotheses regarding a three-way interaction between pubertal timing, popularity, and gender. The model included an estimated autocorrelation between latent variables for depressive symptoms at Time 1 to Time 2. Paths were estimated between both exogenous predictors (i.e., pubertal timing, popularity) and Time 2 depressive symptoms, as well as between a product term between these two variables (pubertal timing x popularity) predicting Time 2 depressive symptoms. To examine hypotheses in a stringent manner, two additional variables were entered as predictors: age, and a product term between age and popularity. All Time 1 variables were allowed to covary. The error terms for the depressive symptoms parcels at Time 1 were allowed to correlate with the error terms for the corresponding depressive symptoms parcels at Time 2. Gender interactions were examined by comparing models with paths either fixed or free to vary between groups, and the significance of chi-squared difference tests between nested models was used to examine statistically significant gender differences in the magnitude of estimated paths. Unless otherwise noted, all parameter estimates were allowed to vary freely by gender (see Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Structural equation model examining popularity as a moderator of the longitudinal association between pubertal timing and depressive symptoms, while controlling for age effects

Results {#Sec4}
=======

Means and standard deviations for all variables included in this study are presented in Table [1](#Tab1){ref-type="table"}. As would be anticipated, T-tests indicated that girls reported higher levels of depression at Time 2 than boys. Pearson correlations between all variables are presented in Table [2](#Tab2){ref-type="table"}. Pubertal timing was positively related to depressive symptoms at Time 1 and Time 2 (for girls only). Low levels of popularity were associated with high levels of depressive symptoms at Time 1 (for boys and girls) and Time 2 (for girls only). Table 1Means (and standard deviations) for primary variables at Time 1 and Time 2BoysGirls*t* (613)Time 1 Depressive Symptoms0.27 (0.24)0.30 (0.27)−1.13 Pubertal Development (unstandardized)2.30 (0.63)2.77 (0.73)−8.91\*\* Popularity−0.03 (1.03)0.09 (0.93)−1.46 Age (in months)151.57 (11.64)150.78 (10.84)0.88Time 2 Depressive Symptoms0.21 (0.20)0.25 (0.25)−2.02\*\**p* \< 0.05; \*\**p* \< 0.0001Table 2Bivariate associations among primary variablesTime 1Time 2Depressive symptomsPubertal timingPopularityAgeDepressive symptomsTime 1 Depressive symptoms0.02−0.19\*\*0.070.60\*\*\* Pubertal Timing0.12\*0.090.13\*0.02 Popularity−0.20\*\*0.030.08−0.10 Age0.000.100.040.14\*Time 2 Depressive symptoms0.75\*\*\*0.16\*\*−0.19\*\*0.05\*Correlations for males appear above the diagonal; correlations for females appear below the diagonal.\**p* \< 0.05; \*\**p* \< 0.01; \*\*\**p* \< 0.001

Results suggested that an initial model with all paths, factor weights, covariances, and error terms freely varying across gender was a satisfactory fit to the data, *χ*^2^ (104) = 85.99, *p* \< 0.001; χ ^2^/df = 1.72; CFI = 0.99; RMSEA = 0.03. Paths, covariances, and error terms systematically were constrained across gender to examine improvement in model fit. For all but five estimated parameters, estimates could be fixed across gender without significant detriment to model fit. Two of these parameters represented gender differences in covariances: (1) covariance between the two product terms in model: 0.61 for girls, NS; 3.64 for boys, *p* \< 0.001; Δχ^2^ = 13.82, *p* \< 0.001; (2) covariance between pubertal timing and depressive symptoms: 0.35 for girls, *p* \< 0.01; −0.10 for boys, NS; Δχ^2^ = 7.46, *p* \< .01). Two parameters represented differences in factor weights (1) parcel 2 at Time 2: 1.03 for girls, *p* \< 0.001; 1.27 for boys, *p* \< 0.001; Δχ^2^ = 5.23, *p* \< 0.05; (2) parcel 3 at Time 2: 0.95 for girls, *p* \< 0.001; 1.36 for boys, *p* \< 0.001; Δχ^2^ = 14.04, *p* \< 0.001. Last, the autocorrelation of depressive symptoms over time was moderated by gender: 0.82 for girls, *p* \< 0.001; 0.51 for boys, *p* \< 0.001; Δχ^2^ = 15.11, *p* \< 0.001. Thus, these estimates remained freely varying.

All path coefficients are presented in Table [3](#Tab3){ref-type="table"}. The autocorrelation path between depressive symptoms at both time points was statistically significant for boys and girls. After accounting for this association, no significant interaction between age and popularity was revealed in the prediction of depressive symptoms either for boys or girls. The results suggested that the interaction term (pubertal timing x popularity) was associated significantly with Time 2 depressive symptoms (see Table [3](#Tab3){ref-type="table"}). However, contrary to hypotheses, a chi-square difference test suggested no significant detriment to model fit when constraining this path across gender as compared to when allowing this path to vary freely, *χ*^2^ (1) = 2.44, *p* = 0.12, suggesting that gender did not further moderate the pubertal timing x popularity interaction. The final model was a good fit to the data, *χ*^2^ (72) = 104.79, *p* \< 0.01; χ ^2^/df = 1.46; CFI = 0.99; RMSEA = 0.03 (90% CI 0.01 to 0.04) Table 3Unstandardized path coefficients, standard errors, and standardized path coefficients for structural equation model examining longitudinal associations between pubertal timing, popularity, age, and depressive symptoms at Time 1 with depressive symptoms at Time 2, for boys and girlsUnstandardized(SE)StandardizedTime 1Depressive symptoms^a^Pubertal timing0.03(0.06)0.01Popularity0.01(0.06)0.00Age0.01(0.01)0.07\*Age × popularity0.01(0.01)0.03Pubertal timing × popularity−0.29(0.11)−0.11\*^a^This path weight was moderated by gender, Girls: Unstandardized = 0.82 (0.05), Standardized = 0.81\*\*; Boys: Unstandardized = 0.51 (0.05), Standardized = 0.67\*\*\**p* \< 0.01; \*\**p* \< 0.001

To examine the interaction between pubertal timing and popularity, a reduced model next was estimated including only prior levels of depressive symptoms, the main effects of hypothesized predictors, and interaction term (i.e., removing age and the interaction between age and popularity as predictors to ensure that findings were not due to suppression effects; Holmbeck [@CR37]). This reduced model was a good fit to the data, *χ*^2^ (46) = 81.72, *p* \< 0.01; χ ^2^/df = 1.78; CFI = 0.98; RMSEA = 0.03. The interaction between pubertal timing and popularity as a longitudinal predictor of depressive symptoms remained significant, *b* = −0.14, *p* \< 0.05. Results of simple slope analyses were conducted for adolescents scoring low (−1 SD), average, or high (+1 SD) in popularity. For adolescents with low levels of popularity, advanced pubertal timing compared to peers (i.e., early pubertal timing) was associated with high levels of depressive symptoms at Time 2, slope = 0.18, *t* = 2.11, *p* \< 0.05. For adolescents average or high in popularity, the association between pubertal timing was not associated significantly with Time 2 depressive symptoms, slopes = 0.04 and −0.09, *ts* = 0.81 and −1.14, *NS*, respectively.

Discussion {#Sec5}
==========

This study examined popularity as a potential moderator of the relationship between early pubertal timing and the development of depressive symptoms over a one year interval. It was expected that this effect would be revealed only for girls. Results revealed a significant moderating effect of popularity, however, surprisingly, significant effects were revealed both for boys and girls. Specifically, the positive relationship between early pubertal timing and increases in depressive symptoms was revealed for adolescents with a low social reputation, but not among adolescents with a high social reputation. These results suggest that a high social reputation may protect early maturing adolescents from the development of depressive symptoms over time, while a low social reputation may be a risk factor for the development of depressive symptoms.

The findings supported an integrated biological-interpersonal model in examining the development of depressive symptoms during adolescence. The interaction between pubertal timing and social reputation in predicting the change in depressive symptoms may explain why studies that have focused solely on the association between early pubertal timing and depressive symptoms, or on the relationship between social reputation and depressive symptoms, have yielded mixed results (e.g. Canals et al. [@CR11]; Ge et al. [@CR31]; La Greca and Harrison [@CR44]; Prinstein and La Greca [@CR57]; Stroud and Davila [@CR70]). The additional consideration of peer status as a moderator is consistent with biopsychosocial models, which remind us to consider transactions that occur between social, biological and psychological systems in understanding the development of psychopathology. It appears that the inclusion of peer status as a moderator provides a more complete picture of the relationship between early pubertal development and the development of depressive symptoms over time.

The finding that interpersonal factors interact with pubertal timing in predicting depressive symptoms is consistent with a study by Conley and Rudolph ([@CR20]), which revealed that early pubertal timing was related to depressive symptoms in adolescents who experienced high levels of peer stress, but not in adolescents who experienced low levels of peer stress. Examples of peer stress included fights with peers or being teased by peers, social exclusion, and low support or poor quality of friendships. The authors suggested that early pubertal timing is a diathesis for depressive symptoms that is activated when it occurs in a stressful peer context. This model offers one possible interpretation of the current study's findings: popularity may reduce the incidence of certain interpersonal stressors associated with early maturation (i.e., reduce the likelihood of peer victimization), and thus may serve as a protective factor against the development of depressive symptoms. Further studies assessing the incidence of peer victimization and other social stressors among popular versus unpopular early developing adolescents could determine whether popularity does, in fact, buffer against depression by decreasing the incidence of social stressors. Such a finding would provide evidence that the moderational effect of peer status may be a proxy for increased exposure to social stressors, which interact with the biological (i.e., hormonal) and social-cognitive (i.e., self-appraisal) vulnerabilities posed by early development to predict the onset of depressive symptoms.

Notably, however, Conley and Rudolph's ([@CR20]) results were significant for girls, and not for boys. Although the data in this study trended in a similar direction, the role of gender in further moderating hypothesized effects did not reach significance. In addition, absent substantial data confirming the measurement and scalar invariance of the CDI across gender, it is difficult to make strong interpretations regarding gender effects conclusively (see Carle et al. [@CR12]). It may be that among males, early pubertal timing combined with low peer popularity also presents risks for depressive symptoms over time. It is likely that early pubertal timing may become a source of ridicule or ostracism among boys who already are unpopular, but perhaps a source of status and esteem among boys who enjoy high levels of popularity. This unexpected result deserves further examination in future research.

This study represents a fruitful extension of past research. The finding that the relationship between early pubertal timing and depressive symptoms is moderated by popularity is a step forward in understanding both the inconsistent findings of past research in this domain, and the uniqueness of the adolescent period in the development of depression. Furthermore, the use of a longitudinal, prospective design allowed for examination of the temporal relationship between these variables.

Despite these strengths, several limitations of the current study highlight the somewhat tentative nature of these results. First, results of Conley and Rudolph's ([@CR20]) study discussed above serve as a reminder that the construct of peer status may serve as a proxy for level of social stress or other related variables. Indeed, several interpersonal variables (e.g., social stress, peer-perceived attractiveness, friendship quality, etc.) correlate highly with popularity, and cannot be meaningfully examined as orthogonal moderators of the relationship between early pubertal development and depression. Other variables that correlate with popularity could explain the difference in depressive symptoms between popular and unpopular early maturing youth. Socioeconomic status, for example, is positively correlated with membership in the popular group (Brown et al. [@CR10]; Eder [@CR25]). In the present study however, all participants had similar SES, so in our sample this factor could not explain the relationship between popularity and the change in depressive symptoms in early maturing adolescents.

Another important factor that might explain the difference in depressive symptoms among popular and unpopular early maturing adolescents is social connectedness. Adolescents with high social connectedness feel close with peers, easily identify with others and participate in social activities (Lee et al. [@CR45]). Popularity is associated with social connectedness, while unpopularity is related to social withdrawal and a lack of skills to fit in with peers (LaFontana and Cillessen [@CR43]). Other findings indicate a negative relationship between social connectedness and depressive symptoms, suggesting that adolescents who are socially less well connected are more likely to experience depressive symptoms (Lee et al. [@CR45]). This could suggest that low levels of social connectedness in unpopular adolescents are related to high levels of depressive symptoms. Social connectedness could then be the underlying factor that accounts for the difference in depressive symptom scores between popular and unpopular early maturing adolescents. Further research is needed to determine mechanisms by which early puberty confers risk for the development of depressive symptoms among adolescents. While the current study provides valuable information about one potential moderator of this relationship, interpretations regarding the *process* (i.e., *how* popularity may buffer against the development of depressive symptoms for early developing adolescents) remain theoretical.

Another limitation is the use of an ethnically homogenous, primarily Caucasian sample. Some research suggests that European American adolescents, but not African American adolescents, experience more depressive symptoms following early maturation (Michael and Eccles [@CR50]). This difference might be explained by the finding that African and African-American women, in particular, report a preference for a body type and size that is more consistent with a post-pubescent body (i.e., larger and curvier), whereas Caucasian women report a preference for a thinner body type (Cogan et al. [@CR18]; Furnham and Baguma [@CR28]; Rucker and Cash [@CR61]). Consistent with this idea, Siegel and colleagues ([@CR66]) found that African American girls, compared to Caucasian and Latino girls, are unique in their level of body satisfaction during adolescence. However, more recent research has found a positive relationship between early pubertal timing and depressive symptoms in African American girls (Ge et al. [@CR31]). The mechanisms underlying this association are not well understood, and warrant further investigation.

Studies further examining the role of ethnicity in the association between pubertal timing and depressive symptoms should note that ethnicity should be considered in the context of the overall community in which adolescents live. Note that African-American adolescents develop earlier than Caucasian adolescents (Herman-Giddens et al. [@CR35]). In a context predominantly comprised of Caucasian adolescents, African American adolescents are more likely to be characterized as early maturers, while they might be on-time compared to their African-American agemates. It may be important for research to consider pubertal timing with respect to same-ethnicity peers (Ge et al. [@CR31]).

An additional limitation in this study pertains to the use of self-report measures to assess pubertal timing. Although the PDS is a widely used scale to measure pubertal development, it assesses perceived pubertal maturation instead of objective pubertal maturation. Adding more objective measures of pubertal maturation (e.g., physician ratings) would strengthen the reliability of our findings (Dorn et al. [@CR24]). Conversely, the use of peer-reported measures to assess popularity offers the possibility that different peers (e.g., males vs. females) use different standards to determine who is popular. This issue also leads to invariance within the measurement of key constructs.

Despite these limitations, the present study provides insight into the relationship between early pubertal timing and the development of depressive symptoms. The results indicate that early pubertal timing does not directly predict depressive symptoms among adolescents. Instead, individual differences in popularity appear to affect the nature of this relationship. These findings indicate that the interaction between individual development and the peer context may be important for understanding the relationship between pubertal timing and depressive symptoms. Future studies are likely to benefit from a similar biopsychosocial perspective in understanding the complex interactions between various systems in determining typical versus atypical development.

The findings of the current study may have important implications for prevention of depressive symptoms. Our results provide a more complete profile of adolescents who may be at risk for the development of depressive symptoms. Interventions that target early maturing, unpopular adolescents therefore may serve to reduce the prevalence of depressive symptoms among youth. Evidence that social skills and social connectedness are related to both social status and depression (LaFontana and Cillessen [@CR43]; Lee et al. [@CR45]) suggests that interventions that focus on these constructs might help to reduce risk for depression among adolescents. Along these same lines, focusing on resiliency factors and resources for adolescents who are at risk may be beneficial. Examples of resiliency factors may include social skills and participation in extracurricular activities. The introduction of these and other resiliency factors through targeted interventions might aid in disconnecting the trajectory from risk factors to the development of depressive symptoms (Fergus and Zimmerman [@CR26]).

Furthermore, psychoeducation also could be a crucial element in the prevention of depressive symptoms. Social comparisons play an important role during pubertal maturation. Early maturing adolescents may perceive themselves as deviant from their peers, and this perception of abnormality may negatively affect well-being. Psychoeducation aimed at informing adolescents about pubertal maturation, and the individual differences in its timing, might result in more personal and social acceptance of variations in puberty (Conley and Rudolph [@CR20]). Psychoeducation also could help to prepare adolescents for the transition to puberty, and might even serve to reduce the accompanying psychosocial difficulties by normalizing the physical and social changes associated with pubertal development.

The current study has provided a clearer picture of the relationship between pubertal development, peer status, and the development of depressive symptoms over time. It appears that early pubertal timing and low social status converge to create a high-risk context for the development of depressive symptoms among adolescents. Treatment strategies that seek to alter this trajectory may benefit from strategies that both increase peer status, and decrease the psychosocial impact of early maturation. Several such strategies, suggested above, may represent complementary approaches in the reduction of depressive symptoms.
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From now on, "peer-perceived popularity" will be referred to as "popularity".

Because the response scales of the 27 items consist of 3 categories (0, 1, 2) and have very skewed distributions (i.e., a preponderance of zero's), we used Mplus (Muthén and Muthén [@CR51]--2007) because this program has facilities to deal with this type of data. We used the WLSM-estimator (M = Mean-adjusted chi-square test). A CFA with one factor showed a good fit at T1 (*χ*^2^ (324) = 711.10, CFI = 0.971 and RMSEA = 0.061) and T2 (*χ*^2^ (324) = 719.84, CFI = 0.958 and RMSEA = 0.065). The factor loadings at T1 varied between 0.37 and 0.91 (mean factor loading was 0.67, *SD* = 0.13) and at T2 between 0.37 and 0.86 (mean factor loading was 0.66, *SD* = 0.13). At T1 Cronbach's alpha = 0.90, with corrected item-total correlations varying from 0.28--0.65 (*M* = 0.48, *SD* = 0.10). At T2 alpha = 0.89, corrected item-total correlations varying from 0.27--0.62 (*M* = 0.47, *SD* = 0.09).

All analyses also were conducted using a total depressive symptoms score at Times 1 and 2 as an observed variable in hierarchical multiple regressions. These analyses therefore included observed variables for all primary study constructs (i.e., pubertal timing, popularity, and age). The findings using this more simplified procedure were identical to those reported below.
